Sugarcane production should be integrated with crop diversification with a view to competitive and sustainable results in economic, social and environmental aspects. the purpose of this study was to assess the influence of different soil uses during the sugarcane fallow period on the chemical and physical properties of eutroferric red latosol -lvef (oxisol) and acric latosol -lvw (acric oxisol), in Jaboticabal, São Paulo State, Brazil (21°14'05'' S, 48°17'09'' w, 600 m asl). a randomized block design was used with five replications and four treatments, consisting of different soil uses (crops) in the sugarcane fallow period: soybean only, soybean/fallow/soybean, soybean/millet/soybean, and soybean/sunn hemp/ soybean. after two soybean crops, the lvef chemical properties remained received for publication in march 3, 2011 and approved in october 13, 2011. (2) 
introdUction on the world market, Brazil is the leading sugarcane producer. the national production in 2010 was estimated at 730 million tons, which was 6 % higher than in 2009, harvested from an estimated area of 9 million hectares, representing an increase of 7 % over 2009 (iBge, 2011 . however, to meet industrial demands, the sugarcane production must rise, new production areas have to be opened and/or yield of the active plantations increased.
Since the late 1980s, legume crops (peanut or soybean) have been planted between sugarcane production cycles as a crop rotation practice. today, more than three decades after the creation of the national ethanol Program (Programa nacional do Álcool -Pro-álcool), the Brazilian sugar-ethanol sector faces the challenge of proving that with the implementation of technology, increases in sugarcane yield can be attained by crop diversification, education and training, and the integration of production chains; this should eventually achieve competitive and sustainable results in economic, social and environmental aspects.
Several benefits of crop rotation over monocultures are well-known e.g., improvements in physical, chemical and biological soil properties, better control of pests, diseases and weeds, and positive effects on crop yields. crop rotation also allows the optimization of the machinery and implements on farms and production diversification. mascarenhas et al. (1994) assessed legume crops on a dystrophic red latosol, by planting velvet bean (Mucuna aterrima), sunn hemp (Crotalaria juncea) and soybean (Glycine max), between sugarcane production cycles. their results showed a 22 % increase in sugarcane yield after sunn hemp cultivation, 20 % after velvet bean and 4 % after soybean compared to leaving the soil fallow in the same period. recently, mascarenhas et al. (1994) evaluated the use of two consecutive plantings of the same legume during the sugarcane fallow period. the increase in sugarcane yield was 39 % higher for sunn hemp-sunn hemp, 33 % for velvet beanvelvet bean, 33 % for soybean-velvet bean, 27 % for velvet bean-soybean, and 26 % for soybean-soybean, compared to the fallow treatment. the authors also observed an increase in sugar production of 2.4 t ha -1 when sugarcane was grown after sunn hemp and 2.6 t ha -1 after velvet bean, compared to sugarcane grown after soybean. however, an economic analysis showed a higher overall profit from the extra income of soybean sale.
the effects of legume cultivation on crops are well-known, especially n supply, due to the ability r. Bras. ci. Solo, 36:283-294, 2012 of legumes to fix atmospheric n 2 ; this ability results in a higher plant residue degradation rate, due to a lower c/n ratio, enhancing the nutrient releases into the soil. grasses are known for their denser and bulkier root system, which improves the soil properties more than the pivoting root system of legume crops. also, the plant residues of grasses have a higher c/n ratio and a lower decomposition rate and remain on the soil surface for a longer period than legume residues.
Studies are required to determine the best soil use systems for the sugarcane fallow period, considering the economic, social and environmental aspects.
the hypothesis of this study was that the use of two soybean crops with one grass or legume cultivation in-between will improve chemical and physical soil properties during the sugarcane fallow period, increasing the potential yield of the following sugarcane cycle. moreover, this system would include soybean grain production without decreasing the total sugarcane production cycle and increase the annual yield and longevity of the sugarcane crop.
thus, the purpose of this study was to assess the influence of different soil uses during the sugarcane fallow period on the chemical and physical properties of eutroferric red latosol (oxisol) and acric latosol (acric oxisol).
materialS and methodS
the experiments were conducted in two areas with different soil types: a eutroferric red latosol (lvef) with a very clayey texture and an acric latosol (lvw) with a clayey texture, according to the Brazilian soil taxonomy system (embrapa, 2006) . Both areas were located in Jaboticabal county, São Paulo State (Brazil)(approximately 21°14'05'' S latitude, 48°17'09'' w longitude, at about 600 m asl). according to the Köppen climate classification, the area was characterized as aw, tropical winter dry season. the average temperature of the hottest month is > 22 °c, and of the coldest month > 18 °c. the average annual precipitation is 1,400 mm, with an annual distribution peaking in the period from october to march and a relatively dry period from april to September. Both areas were used for sugarcane production for more than 30 years and mechanized harvesting was introduced in 1995.
Prior to the experiments, the chemical and physical properties of the two soils were assessed (tables 1 and 2). according to the method proposed by raij et al. (2001) , the following chemical properties were determined: ph (cacl 2 ), organic matter contents, available P resin, K + , ca 2+ , mg 2+ , and the potential acidity (h + al). next, the cation exchange capacity (cec) and base saturation percentage values were calculated. the investigated physical properties included sand, silt and clay contents, determined according to the methods of gee & or (2002) . the soil bulk density was measured as proposed by grossman & reinsch (2002) . the total porosity, macroporosity and microporosity were assessed using the method proposed by embrapa (1997) , and the water aggregate stability index (aSi) and aggregate mean weight diameter (mwd) as described by nimmo & Perkins (2002) . the experiment was arranged in a randomized block design with five replications and four treatments consisting of different soil uses during the sugarcane fallow period. the soil uses consisted of the following crops: soybean (S), soybean/fallow/soybean (S/F/S), soybean/pearl millet/soybean (S/Pm/S) and soybean/ sunn hemp/soybean (S/Sh/S). in the S treatment, one soybean (Glycine max) crop was grown from october 2009 to February 2010. in S/F/S, S/Pm/S and S/Sh/S, two soybean crops were grown in the same period Pearl millet and sunn hemp were selected from several options of grass and legume species for their agronomical features of sowing, maintenance and harvest, which allow the use of the same infrastructure, machinery and equipment as used for sugarcane. this avoided new investments and simplified the marketing of the produced seed.
the 270 m 2 experimental plots (18 x 15 m) consisted of forty 15 m soybean rows spaced 0.45 m apart. of each plot, 45 m 2 was evaluated, which included ten 10 m soybean rows. the plot borders consisted of 15 external rows on each side, with a 2.5 m space at either end of each row. within each block, the plots were separated by 10 m tracks, with 3 m tracks between the blocks. the plot and track sizes were defined to facilitate machinery operation during the experiment.
Before beginning the experiment, the root system of the previous sugarcane cycle was removed mechanically.
in the two growing seasons (2008/2009 and 2009/2010) , the soybean variety coodetec 216 was sown in a row spacing of 0.45 m to obtain a plant density of 400,000 plants ha -1 . Fertilization at sowing consisted of 300 kg ha -1 of the nPK fertilizer 3-30-10. during the crop cycle, pest and disease control products were applied according to the specific technical recommendations for soybean.
approximately 120 days after sowing, soybean was mechanically harvested. the final grain weight was calculated for a moisture content of 0.13 kg kg -1 , and the yield values expressed in kg ha -1 .
after soybean harvest, the plant residues on the soil surface were evaluated by sampling three areas (0.25 m 2 per plot), according to a procedure recommended by Stott et al. (1990) . after determining the sample dry mass, the residues were analyzed for concentrations of organic carbon (tedesco et al., 1995) , n, P, K, ca, mg and S (Bataglia et al., 1983) . Based on the results of the dry mass produced and the nutrient concentrations, the quantity of accumulated nutrients and the c/n ratio were calculated.
Pearl millet and sunn hemp were sown with a no-tillage drill in rows spaced 0.45 m apart, and no fertilizer was applied. a plant density of 3,000,000 plants ha -1 was estimated for pearl millet and of 555,500 plants ha -1 for sunn hemp. Using a mechanical harvester, pearl millet and sunn hemp crops were harvested 144 and 166 days after sowing, respectively. Subsequently, the final seed weight was calculated considering a moisture content of 0.13 kg kg -1 , and the yield values were obtained. after harvest, the plant residues on the soil surface were evaluated as described above for soybean.
the plots left fallow were periodically handweeded to keep the soil surface free of spontaneous vegetation for comparison with the treatments in which pearl millet or sunn hemp were planted between the two soybean crops. Undisturbed samples were also collected at three sites per plot to determine the aggregate stability index (aSi) and mean weight diameter (mwd) of aggregates. to determine aSi in the four sampled layers, aggregate diameters between 1.0 and 2.0 mm were considered. to determine mwd in the layers 0.0-0.1 and 0.1-0.2 m, aggregates with diameters between 4.0 and 6.3 mm were used and a set of sieves (mesh size 4.0, 2.0, 1.0, 0.5, 0.25 and 0.125 mm).
to determine the remaining physical properties, three undisturbed soil samples were collected in volumetric rings (5 x 5 cm) at each of the four depths, avoiding closeness to the machinery and implement track.
analysis of variance was applied to all variables in a randomized block design with five replications and four treatments (soil uses in the sugarcane fallow period). the degrees of freedom for the treatments were converted into three mutually orthogonal contrasts, and the significance of each contrast was determined by the F-test at 1 %. the contrast S v SS compared soybean for one (S) and two (SS) growing seasons. the contrast F v PmSh compared the soil maintenance on fallow (F) ground and with the cultivation of pearl millet (Pm) or sunn hemp (Sh) between the two soybean crops. the contrast Pm v Sh compared the cultivation of pearl millet (Pm) and sunn hemp (Sh) between the two soybean crops.
reSUltS and diScUSSion
Pearl millet and sunn hemp planted between the soybean cycles developed adequately on lvef and on lvw. the grain yield was determined visually before the harvest and was within the expected range, but the effective grain yield was low for both areas (table 3) , which was attributed to bird attack several days before the harvest. the proper growth of pearl millet and sunn hemp was evidenced by the residue dry matter amounts (table 3) . our results agreed with those found in the literature (Perin et al., 2004; Silva et al., 2006; Suzuki & alves, 2006; almeida et al., 2008; Suzuki et al., 2008) . after pearl millet cultivation, the plant residues on the soil surface accumulated high levels of n, ca and S, but after sunn hemp cultivation, high levels of n, K and ca were found (table 4) . Perin et al. (2004) observed K accumulation in pearl millet and n and K in sunn hemp 68 days after sowing. cazetta et al. (2005) determined the following quantities of elements (in kg ha -1 ) 60 days after emergence,: 265 n, 32 P, 156 K, 63 ca, 37 mg and 17 S for pearl millet and 137 n, 11 P, 62 K, 45 ca, 21 mg and 6 S for sunn hemp. these amounts are higher than in our experiments (table 4) , where the nutrient levels were determined in the plant residues after harvesting pearl millet and sunn hemp seeds 144 and 166 days after sowing, respectively. this indicates the occurrence of nutrient redistribution from the plant mass into the seeds, reducing nutrient accumulation in the crop residues. Braz et al. (2004) observed that the maximum nutrient accumulation in pearl millet occurred between 52 and 55 days after germination, when nutrient redistribution into the seeds began, resulting in decreased accumulation in pearl millet leaves. the c/n ratios of the plant residues on the soil surface after pearl millet and sunn hemp harvest were similar for lvef and lvw (table 4). after the harvest of pearl millet and sunn hemp, the plant residues present on the soil surface consisted of a mixture of these two crops with older soybean residues (2008/2009). thus, partially degraded soybean residues were mixed with the fresh-cut pearl millet and sunn hemp residues and influenced the observed the c/n ratio of the residues.
in the 2009/2010 growing season, the soybean yields on lvef were statistically similar when one or two soybean crops were used (contrast S v SS) (table 5) . however, when the soil uses associated with two soybean crops were compared, soybean yield was higher in the area left fallow than in the areas with pearl millet or sunn hemp crops between the two soybean crops (contrast F v PmSh). Because pearl millet and sunn hemp were grown for seed yield, it was inferred that these crops absorbed a determined amount of soil nutrients, reducing the availability of these nutrients for the following soybean crop cycle. in the area the accumulated nutrient amounts and c/n ratios in the plant residues after soybean harvest on lvef were not influenced by the different soil uses (table 6). this was also observed for the crops grown on lvw, except for ca, for which residue (table 7) . Similarly, with two soybean crops, the cec increased in the 0.1-0.2 m, and base saturation in the 0.4-0.6 m layer. lower contents of mg 2+ were found in the 0.0-0.1 m layer, and the h + al was lower in the 0.2-0.4 m layer. the greater number of cultivations using different types of crops allowed the exploration of different soil depths and provided a varied range of plant residues, which most likely contributed to the biological diversification of the soil and enabled nutrient recycling and distribution. after the cultivation of two soybean crops, the chemical properties of the lvw were in a range considered high by raij et al. (1997) , and were higher than the intermediate to high levels determined before the experiment (table 1) (raij et al., 1997). consequently, the sequence of two soybean crops promoted an improvement of the lvw fertility levels, regardless of the soil use between crops. the difference observed between the effects of the soil uses on the chemical properties of lvef and lvw was explained by the differences in the clay and organic matter contents of these soils. in the lvef, with a very clayey texture, higher contents of clay and organic matter were observed than in lvw, which had a clayey texture (tables 1 and 2) and consequently a higher cec (table 1) . thus, to assess a response from lvef to different soil uses, greater amounts of nutrients must be supplied than for lvw, due to the higher clay and organic matter content of lvef.
Pearl millet or sunn hemp cultivation between the two soybean crops did not influence the chemical properties of lvef and lvw (table 7) . moreti et al. (2007) also noted that when sunn hemp and pearl millet were used as cover crop, they did not influence the chemical properties of a dystrophic red latosol with a clayey texture. in the 0.0-0.1 m layer of lvef, a higher macroporosity volume was observed after two soybean crops (SS) than after one (S) (table 8). the use of a greater number of cycles of different crops with different root systems most likely resulted in the formation of biopores, increasing the soil macroporosity volume. according to Stone & Silveira (2001) , the inclusion of species with distinct root systems and different (1) S: soybean; S/F/S: soybean/fallow/soybean; S/Pm/S: soybean/pearl millet/soybean; S/Sh/S: soybean/sunn hemp/soybean. (2) S v SS: mean contrast between one (S) and two (SS) soybean crops; F v PmSh: mean contrast between fallow (F) and crops (PmSh) in the interval between two soybean crops; Pm v Sh: mean contrast between pearl millet (Pm) and sunn hemp (Sh) between two soybean crops. nS: not significant at 5 %. dry matter contributions could alter soil physical proprieties, but the intensity of these alterations depends on the cultivation period, the number of crops per year and the crop species. the mwd of aggregates in the lvef and lvw was lower after two soybean (SS) than after only one soybean crop (S) in the 0.0-0.1 and 0.1-0.2 m layers (table 8) . the use of a higher number of crops resulted in more intense soil tillage, which compromised the formation of larger diameter aggregates. in a comparison of the fallow period with two soybean crops (contrast F v PmSh) on lvw, it was noted that the use of pearl millet or sunn hemp promoted the formation of larger diameter aggregates in the 0.0-0.1 m layer. the role of soil organic matter in the formation of aggregates is well-known, but in our experiment, no differences were observed in the organic matter contents in the assessed soil layers (table 7) , as also stated by campos et al. (1999) . nevertheless, the authors emphasized that the introduction of cover crops improves the soil structural stability due to the quantity of dry matter produced. in this study, high dry matter amounts in the pearl millet and sunn hemp residues were also observed on lvw (table 3) . Under these conditions, it can safely be concluded that other factors affected organic matter more directly than aggregate stability. these results reinforce the importance of soil cover with for soil aggregation, to prevent the direct action of rain, decrease the thermal amplitude and keep the soil moist, favoring the development of the root system and microbial activity and consequently producing a beneficial environment for soil aggregation (campos et al., 1999) .
in lvw, the aSi in the 0.0-0.1 and 0.1-0.2 m layers was lower after two soybean crops (SS) than after one (S) (table 8), confirming that the increased soil tillage did not allow the formation of stable soil aggregates. no changes were observed in the aSi on lvef (table 8). due to the higher clay levels, the lvef has a higher aSi than lvw (table 2) and is more resistant to interferences related to soil uses. the different soil uses in the sugarcane fallow period promoted changes in the chemical and physical soil properties that modified the soil dynamics for the following sugarcane cycle. conclUSionS 1. the different soil uses assessed in the sugarcane fallow period maintained the fertility levels in the eutroferric red latosol (oxisol) and improved those of the acric latosol (acric oxisol). 
